Introduction
squamous cell carcinomas and 20 adenocarcinomas. Based on the hospital case records, we grouped the individuals into three tobacco smoking categories:
Oxygen radicals are generated by environmental agents, such current smokers, ex-smokers (the time since smoking cessation ranged from as ionizing radiation and chemical carcinogens, and also by 6 months to 20 years), and non-smokers (never smoked cigarettes regularly). endogenous processes. These oxygen radicals cause extensive A total of 90% (nine individuals) of the patients with squamous cell carcinoma damage to DNA, including single-strand breaks and the formawere either current smokers or ex-smokers, and 40% (eight individuals) of the patients with adenocarcinoma were non-smokers. tion of modified bases and DNA-protein cross links (1-3).
Analysis of 8-OH-dG formation
Among the various forms of oxidative DNA damage, 8- The DNA was extracted from the nuclear fraction with the DNA Extractor hydroxydeoxyguanosine (8-OH-dG*) (4) has been most extens-WB Kit (Wako, Japan) (18) . To the extracted nuclear DNA (~100 µg/100 ml ively investigated, because it can be quantitated with high of 0.1 mM EDTA), 1 µl of 2 M sodium acetate, 4 µl of nuclease P1 (5 mg/ml, sensitivity by high performance liquid chromatography coupled Yamasa Co., Japan, YA7801) and 2 µl of acid phosphatase (47 mg/ml, with electrochemical detection (HPLC-ECD) (5, 6) . There is a suspension in 1.8M (NH 4 ) 2 SO 4 , Sigma, P-1435) were added and incubated at growing volume of data that provides evidence that 8-OH-dG 37°C for 30 min. The 8-OH-dG content in the digested DNA was measured by an HPLC-ECD systems, as described previously (16) .
is a key biomarker relevant to carcinogenesis in both animal models and human studies (7) (8) (9) (10) .
Statistical analysis
Using the tobacco-attributed mortality rates in 1995, there
The data are presented as means Ϯ SD. Differences between groups were tested by the ANOVA factorial with Fisher's PLSD at a 5% significance level. Table I shows the amount of 8-OH-dG in lung cancer tissue dyl)-1-butanone (NNK), but also a large amount of oxygen and non-cancerous lung tissue, age, sex, smoking status, radical forming substances, such as catechol and hydroquinone.
tumor type and Brinkman index. The mean 8-OH-dG levels These substances may enhance lung carcinogenesis by free in non-cancerous lung tissues in smokers, ex-smokers and radical-mediated reactions, although the actual mechanism non-smokers were 0.74 Ϯ 0. level of 8-OH-dG in smokers was 1.43-fold higher than that of the non-smokers (the difference was statistically found a positive correlation between the 8-OH-dG levels in significant, P ϭ 0.0262). A positive correlation between the the lung tissues and the Brinkman index or the number of 8-OH-dG levels in non-cancerous lung tissues and the cigarettes smoked per day. Brinkman index was obtained in smokers and ex-smokers The higher levels of oxidative DNA damage in the lung (r ϭ 0.525; P ϭ 0.0134; Figure 2) . A positive correlation tissues from smokers and ex-smokers support the hypothesis was also observed between the 8-OH-dG levels and the that oxygen radicals are persistently produced in lung tissues number of cigarettes smoked per day (r ϭ 0.444; P ϭ 0.0132; because of cigarette smoking. Our data, which show a positive Figure 3 ). Non-smokers showed a 6.2-fold interindividual correlation between daily cigarette consumption or long-term variation in the lung tissue 8-OH-dG levels. The amount of use of cigarettes and levels of 8-OH-dG, support the conclu-8-OH-dG in the cancer tissue was compared between sions of epidemiological studies that cigarette smoking may squamous cell carcinoma, which is the prevailing type of be one of the causes of lung cancer. smoking-related lung cancer, and adenocarcinoma, but no Various studies have already established that carcinogendifference in the 8-OH-dG level was observed between DNA adduct levels in human lung tissues are increased in these tumor types. The mean level of 8-OH-dG in the nonsmokers (19, 20) . Some investigators have described differcancerous lung tissue from the patients with squamous cell ences in lung cancer susceptibility, even in individuals with carcinoma was also not significantly different from that of similar smoking status histories. Several studies have also the patients with adenocarcinoma. The mean level of 8-OHindicated that individual variations in gene polymorphisms, dG in the lung cancer tissues was slightly lower than that for example, in cytochrome P4501A1 (CYP1A1) and of the non-cancerous lung tissues, and there was no glutathione S-transferase class mu (GSTM1), were partially correlation between the 8-OH-dG levels in the lung cancer responsible for susceptibility to smoking-related lung cancer tissues and the smoking habits. There was also no difference (21, 22) . In the present study, there were interindividual between males and females in the 8-OH-dG levels in the variations in the 8-OH-dG levels in all smoking habit lung cancer tissues.
groups. We have previously reported a positive association between cigarette smoking and oxidative DNA damage in Discussion human leukocytes and also interindividual variations in the 8-OH-dG levels and repair activities (16) . Further studies The mean level of 8-OH-dG in the lung tissues from smokers was significantly higher than that of the non-smokers. We of the effects of patients' occupations, life-styles, living environments and genetic differences on the 8-OH-dG levels are required to understand the actual role of oxygen radicals in human lung carcinogenesis.
